Introduction {#s1}
============

Hyperuricemia is not just a cause of gout but is recently recognized as a risk factor of hypertension, cardiovascular disease, metabolic syndrome, chronic kidney disease (CKD) and diabetes \[[@R01]-[@R05]\]. There has been discussion as to whether uric acid is a parameter or causal factor of those pathological conditions in organs, including kidney dysfunction \[[@R06]\]. In fact, serum urate levels and kidney function have a close relationship. High levels of serum uric acid are risk factors for the progression of renal disease \[[@R07]\] and an independent predictor of new-onset CKD development \[[@R08]\]. On the other hand, kidney dysfunction often increases serum urate levels because the excretion of uric acid is decreased by glomerular damage. Serum urate levels increase as renal function declines \[[@R9]\]. Thus, hyperuricemia contributes to kidney dysfunction, and deterioration of kidney function mostly causes hyperuricemia, forming a vicious cycle. Therefore, it is necessary to break the cycle to prevent or delay the progression of kidney disease.

Steno 2 study showed that multifactorial therapy, controlling blood pressure, serum lipids and blood glucose levels is recommended in patients with diabetic nephropathy to suppress the onset and to prevent the progression of diabetic nephropathy \[[@R10]\]; however, the progression may be irreversible in advanced stages of the disease. Once kidney function deteriorates, drug treatment to improve kidney function has not been satisfactory.

It has been reported that hyperuricemia and diabetes have a relationship. Hyperuricemia causes insulin resistance by inhibiting insulin signaling \[[@R11]\], and induces oxidative damage and inhibits growth of rat pancreatic β cells \[[@R12]\], suggesting a link between hyperuricemia and diabetes.

Recently, the efficacy of lowering uric acid using a single agent on kidney function has been reported \[[@R13], [@R14]\]. However, there are few reports regarding the effect of this therapy on diabetic nephropathy, and there is no strong evidence that lowering uric acid levels would prevent or slow kidney function in diabetic patients with hyperuricemia. In this study, estimated glomerular filtration rate (eGFR) and urine albumin secretion were evaluated by urate-lowering therapy in type 2 diabetic patients with hyperuricemia followed for 52 weeks.

Materials and Methods {#s2}
=====================

Subjects and study design {#s2a}
-------------------------

Type 2 diabetic patients (n = 34) who exhibited asymptomatic hyperuricemia received one of the following urate-lowering agents: allopurinol (n = 5), benzbromarone (n = 8), and febuxostat (n = 21). Hyperuricemia was defined as serum uric acid \> 7.0 mg/dL. All patients were instructed to continue the same diet, exercise, and medication throughout the study. Patients with severe renal, liver, cardiac, neurological, hemodynamic and inflammatory diseases were excluded, and patients with pregnancy and breastfeeding were not permitted to join the study. All patients agreed by written informed consent to participate in the study. The study was conducted in accordance with the guidelines on good clinical practices and with ethical standards for human experimentation established by the Declaration of Helsinki. There is no conflict of interest related to this study.

Measurements {#s2b}
------------

Serum uric acid, eGFR, blood pressure measured at clinic, and HbA1c were measured monthly for 52 weeks. Urine albumin-to-creatinine ratio (UACR) was determined at 0 and 52 weeks. No albuminuria, microalbuminuria and macroalbuminuria were defined as UACR \< 30, 30 - 300, and \> 300 mg/g Cr, respectively. All measurements were analyzed by FALCO Biosystems Ltd, Japan. The parameters at the primary endpoint, defined as serum uric acid decreasing to under 6.0 mg/dL, in all patients were compared to the initial parameters at 0 and at 52 weeks. Urate-lowering drugs were used continuously throughout the study for 52 weeks, and the dosages of the drugs were adjusted (allopurinol: 200 - 300 mg/day, benzbromarone: 25 - 100 mg/day, and febuxostat: 10 - 40 mg/day) to maintain serum urate levels at under 6.0 mg/dL. This value of serum urate 6.0 mg/dL was defined according to the guidelines of the Japanese Society of Gout and Nucleic Acid Metabolism \[[@R15]\].

Statistical analysis {#s2c}
--------------------

Results were expressed as mean ± SE. The values of parameters before and after the treatment were analyzed using paired *t*-test. Pearson's correlation coefficients were employed to analyze the correlation of the parameters and changes. Significance was set at P \< 0.05 for all analyses.

Results {#s3}
=======

At the baseline, the serum urate level was 7.8 ± 0.1 mg/dL, and eGFR was 66.0 ± 3.1 mL/min/1.73 m^2^. The HbA1c level was 6.7±0.1%, and systolic blood pressure and diastolic pressure were 129 ± 2 and 77 ± 2 mm Hg. UACR was 83.3 ± 30.4 mg/g Cr ([Table 1](#T1){ref-type="table"}). Serum urate levels reached the endpoint in all patients. The mean duration to get to the endpoint was 9.0 ± 2.0 weeks and the average value of serum urate at that point was 5.5 ± 0.1 mg/dL ([Fig. 1a](#F1){ref-type="fig"}). Due to the treatment, eGFR was significantly increased at the endpoint (from 66.9 ± 4.6 to 71.9 ± 5.0 mL/min/1.73 m^2^, P \< 0.05 ([Fig. 1b](#F1){ref-type="fig"})). Serum urate levels were maintained at under 6.0 mg/dL throughout the study for at least 52 weeks and eGFR was still significantly elevated at 52 weeks ([Table 2](#T2){ref-type="table"}). When the subjects were divided into groups according to the stages of albuminuria in diabetic nephropathy, the effect of ameliorating eGFR was smaller as the stage progressed ([Table 2](#T2){ref-type="table"}, [Fig. 1b](#F1){ref-type="fig"}). Overall UACR did not change in 52 weeks; however, there was a decrease in the group with no albuminuria and microalbuminuria: no albuminuria from 12.3 ± 2.7 to 6.6 ± 0.9 mg/g Cr, P \< 0.05, microalbuminuria from 44.1 ± 10.8 to 33.8 ± 6.2 mg/g Cr, ([Table 2](#T2){ref-type="table"}, [Fig. 1c](#F1){ref-type="fig"}). There was no effect on the macroalbuminuria group: from 402.9 ± 121.4 to 451.2 ± 135.1 mL/min/1.73 m^2^ ([Table 2](#T2){ref-type="table"}, [Fig. 1c](#F1){ref-type="fig"}).

###### Baseline Characteristics of the Subjects

  ------------------------- -------------
  Age                       58 ± 2
  Male/female               9/5
  BMI (kg/m^2^)             26.7 ± 0.9
  Serum urate (mg/dL)       7.8 ± 0.1
  eGFR (mL/min/1.73 m^2^)   66.0 ± 3.1
  UACR (mg/g Cr)            83.3 ± 30.4
  HbA1c (%)                 6.7 ± 0.1
  SBP (mm Hg)               129 ± 2
  DBP (mm Hg)               77 ± 2
  Hypertension (+/-)        26/8
  Urate-lowering agents     
    Allopurinol             5
    Benzbromarone           8
    Febuxostat              21
  Medication for diabetes   
    Insulin                 7 (21%)
    Sulfonylurea            10 (29%)
    Glinide                 3 (9%)
    GLP-1 RA                1 (3%)
    DPP-4 inhibitor         25 (74%)
    Biguanide               17 (50%)
    Thiazolidine            7 (21%)
    SGLT2 inhibitor         6 (18%)
    αGI                     4 (12%)
  Other medication          
    ARBs/ACEI               25 (74%)
  ------------------------- -------------

BMI: body mass index; HbA1c: glycosylated hemoglobin A1c; eGFR: estimated glomerular filtration rate; UACR: urine albumin-to-creatinine ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; GLP1 RA: glucagon-like peptide-1 receptor agonist; DPP-4: dipeptidyl peptidase 4 inhibitor; SGLT2: sodium-glucose co-transporter 2; αGI: alfa-glucosidase.

![(a) Changes in serum urate levels after the treatment for 52 weeks. (b) eGFR at 0 week, at the point when uric acid reached under 6.0 mg/dL and at 52 weeks after the treatment. White bars: no albuminuria; shaded bars: microalbuminuria; black bars: macroalbuminuria. (c) UAER at 0 and 52 weeks after the treatment. White bars: no albuminuria; stripe bars: microalbuminuria; black bars: macroalbuminuria. \*P \< 0.05 vs. 0 week.](jocmr-09-1007-g001){#F1}

###### Changes in Serum Urate, eGFR and UACR

                            0 week          Urate \< 6.0 mg/dL                            52 weeks
  ------------------------- --------------- --------------------------------------------- ---------------------------------------------
  Serum urate (mg/dL)       7.8 ± 0.1       5.1 ± 0.2[\*](#nt102){ref-type="table-fn"}    5.2 ± 0.2[\*](#nt102){ref-type="table-fn"}
  eGFR (mL/min/1.73 m^2^)   66.0 ± 3.1      72.0 ± 3.7[\*](#nt102){ref-type="table-fn"}   71.0 ± 3.9[\*](#nt102){ref-type="table-fn"}
    No albuminuria          64.0 ± 3.5      68.4 ± 3.4[\*](#nt102){ref-type="table-fn"}   69.5 ± 4.0[\*](#nt102){ref-type="table-fn"}
    Microalbuminuria        78.7 ± 5.9      88.5 ± 7.9[\*](#nt102){ref-type="table-fn"}   87.1 ± 8.5
    Macroalbuminuria        50.9 ± 5.3      54.7 ± 5.9                                    51.0 ± 3.9
  UACR (mg/g Cr)            83.3 ± 30.4                                                   84.6 ± 34.3
    No albuminuria          12.3 ± 2.7                                                    6.6 ± 0.9[\*](#nt102){ref-type="table-fn"}
    Microalbuminuria        44.1 ± 10.8                                                   33.8 ± 6.2
    Macroalbuminuria        402.9 ± 121.4                                                 451.2 ± 135.1

\*P \< 0.05 vs. 0 week.

When the effect of the drugs was evaluated, benzbromarone and febuxostat increased eGFR significantly at the endpoint (benzbromarone: from 74.7 ± 6.9 to 88.1 ± 10.0 mL/min/1.73 m^2^, P \< 0.05; febuxostat: from 60.3 ± 3.6 to 64.8 ± 3.9 mL/min/1.73 m^2^, P \< 0.05) and benzbromarone still maintained this effect for 52 weeks ([Table 3](#T3){ref-type="table"}). No changes in UACR were observed among those drugs ([Table 3](#T3){ref-type="table"}).

###### Changes in eGFR and UACR by Urate-Lowering Agents

                            0 week         Urate \< 6.0 mg/dL                             52 weeks
  ------------------------- -------------- ---------------------------------------------- ---------------------------------------------
  eGFR (mL/min/1.73 m^2^)                                                                 
    Allopurinol             76.0 ± 6.8     80.0 ± 5.5                                     82.4 ± 9.8
    Benzbromarone           74.7 ± 6.9     88.1 ± 10.0[\*](#nt103){ref-type="table-fn"}   85.0 ± 9.0[\*](#nt103){ref-type="table-fn"}
    Febuxostat              60.3 ± 3.6     64.8 ± 3.9[\*](#nt103){ref-type="table-fn"}    63.1 ± 3.9
  UACR (mg/g Cr)                                                                          
    Allopurinol             22.9 ± 9.3                                                    13.5 ± 6.0
    Benzbromarone           9.7 ± 1.9                                                     15.2 ± 6.4
    Febuxostat              119.3 ± 44.7                                                  121.3 ± 50.8

\*P \< 0.05 vs. 0 week.

There was a negative relationship between the change of serum urate levels and the change of eGFR (r = -0.40, P = 0.03), and a negative relationship between the baseline UACR and the change of UACR (r = -0.76, P \< 0.0001) when the patients with macroalbuminuria were excluded ([Fig. 2](#F2){ref-type="fig"}). There were no changes in HbA1c levels and blood pressure before and after the treatment.

![(a) Relationship between ΔUACR and UACR at 0 week (r = -0.76, P \< 0.0001). (b) Relationship between ΔeGFR and ΔUA (r = -0.4, P = 0.03).](jocmr-09-1007-g002){#F2}

Discussion {#s4}
==========

This study demonstrates that urate-lowering therapy ameliorated kidney function in type 2 diabetic patients with hyperuricemia. The first goal of the study was to decrease serum urate levels to under 6.0 mg/dL and to evaluate kidney function. This value of serum urate was defined by Japanese guidelines for the management of hyperuricemia and gout \[[@R15]\] and a previous study \[[@R16]\]. Due to the treatment, urate levels decreased and reached the point at which uric acid levels were under 6.0 mg/dL in all patients. The average duration was 9.0 ± 2.0 weeks after the treatment, and the average value of uric acid levels at that point was 5.5 ± 0.1 mg/dL. By lowering serum uric acid levels, significant improvement of eGFR was observed when serum uric acid levels reached the goal, and this effect was sustained for at least 52 weeks. The serum urate levels of under 6.0 mg/dL may be an appropriate target value for controlling serum urate levels to improve kidney dysfunction in type 2 diabetes with hyperuricemia. It has been reported that the progression of kidney dysfunction is slowed by treatment with allopurinol \[[@R13]\] or febuxostat \[[@R14], [@R17]\]. The novel finding in this study was that not only was the progression slowed but the treatment also ameliorated kidney function, increasing eGFR. Moreover, it is noteworthy that this effect lasted for at least 52 weeks.

Diabetic nephropathy is the major cause of end-stage renal failure and a risk factor of cardiovascular disease \[[@R18]\]. Moreover, it remains a major cause of morbidity and mortality among diabetic patients \[[@R19]\]. Serum urate levels and diabetes have a close relationship and the risk of type 2 diabetes increases as serum urate levels elevate \[[@R05]\], and serum urate levels are associated with diabetic nephropathy \[[@R20]\]. It has been reported that allopurinol slows the progression of UACR compared to a control group in type 2 diabetic patients with no albuminuria \[[@R13]\]. In the present study, when the group was divided according to the stages of albuminuria, although no change was observed in macroalbuminuria, urinary albumin decreased significantly in the group with no albuminuria and microalbuminuria. The effect on urinary albumin may be attenuated in advanced stages of diabetic nephropathy. In patients without macroalbuminuria, there was negative relationship between the baseline UACR and the change in UACR, showing that the treatment may be useful in the early stage of diabetic nephropathy for ameliorating kidney function and decreasing albuminuria. These suggest that management to lower serum urate levels should start as early as possible to prevent the progression of diabetic nephropathy.

There were improvements in eGFR and albuminuria with no changes in blood pressure and HbA1c after the treatment. Furthermore kidney function improved independently of the kind of drugs. Additionally it was shown that there was a negative relationship between the change in serum urate levels and the change in eGFR. These suggest that improvements in the kidney may be attributed to the direct effect of urate-lowering therapy.

Among the drugs used in the present study, benzbromarone, which enhances urate excretion by inhibiting the reabsorption of urate in the renal tubules \[[@R21]\], reduced serum urate levels the greatest. Furthermore, the greatest increase in eGFR by benzbromarone was observed. In about 90% of individuals with sustained hyperuricemia, impaired renal uric acid excretion is the dominant mechanism underlying expansion of the urate pool \[[@R22]\]. Accelerating the excretion to inhibit the accumulation of urate in the kidney may be more effective to ameliorate kidney dysfunction in diabetic patients with hyperuricemia.

The limitation of this study was the absence of a control group and the small number of participants. In this study, urate-lowering therapy not only slowed the progression of diabetic nephropathy but also increased eGFR, resulting in improvement of kidney function. Moreover, the treatment reduced albuminuria in the early stage of diabetic nephropathy. Interestingly, those effects were found to be dependent on the stage of diabetic nephropathy. It was less effective in the advanced stage. Controlling serum urate levels may have strong implications for reducing risks of macro- and microvascular diseases, such as diabetic complications. Early management of serum urate levels in type 2 diabetes may be one strategy to ameliorate the kidney function to some extent and may result in slowing the progression of diabetic nephropathy. Further studies should be carried out to accumulate more evidence for urate-lowering therapy in diabetic nephropathy.
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